Purpose To identify and establish the number and aetiology behind children being killed or injured during school transport from a door-to-door perspective by using experience from Sweden and the UK. Methods Available crash data were analysed. Results In total, 361 children in Sweden during 1994-2001, i.e. 24% of the 1,515 identified children aged 6-16 who were injured or killed were identified in 256 school transport events. The predominant reason for being killed or injured when travelling on school transportation was when children were outside the bus (74%), either when passing the bus to cross the street, running in front of the bus (21%) or behind the bus (30%). Contrary to the general belief that children older than 12 are mature enough to handle traffic, more than 50% of the fatal injuries in Sweden affected children aged 13-16. Similar results were found in the UK. The afternoon school journeys, pedestrians after alighting from the bus, and those in situations that deviated from their normal routine were found to be particularly vulnerable. Conclusions The travel chain perspective/or door to door perspective offers a promising approach for understanding school transport risks and for identifying effective countermeasures; including around bus stops and on the way to/ from the bus stop. Data collection needs to be revised to reflect this approach.
Introduction
Going to and from school is a daily journey undertaken by millions of children within the European Union (EU) [1] . Whilst many children walk or cycle to and from school; buses, coaches and minibuses are major modes of travel for European children. However, school transport is not just about being a bus occupant [2] . All such journeys are also likely to involve other elements, such as walking to and from the bus stop, waiting at bus stops, and boarding and alighting. Parents are concerned about the safety of their child on the whole of the school journey and do not necessarily make the distinction that a school bus casualty occurred after having just alighted from the bus rather than as an occupant. This is why the school journey should be considered from a "door to door" perspective [3] . Given this perspective, it is important to identify the most critical situations for children on their entire daily journey to and from school, in order to suggest effective countermeasures.
The EU consists at present of 27 member states with some 491 million inhabitants, each of them having their own traffic situation and methods of recording crash statistics, which makes direct comparisons of safety between countries complicated [26, 27] . In addition, comparing countries is problematic since "comparison of fatality and injury rates must be done for homogeneous environments and road user groups and not for whole countries and all road user groups, as the distribution and composition of traffic in different environments must be taken into consideration" [27] .
As shown in the EU database EC-CARE, 1 [1] children aged 6-11 years old are most likely to be killed or seriously injured during afternoons, possibly when going home from school. However, crash and/or casualty statistics are usually mode specific, and even if the casualties occurred during the school transport they most often lack of data taking into account that perspective [28] . Data available differ not only regarding this, but also when it comes to the content and if the data are possible to extract, for example per year.
The system of school transport in the U.S.A differs from the EU system, as the bus itself is an icon and also a "mobile traffic STOP-sign", requiring traffic to stop and not overtake a school bus when children are boarding or alighting. On a daily basis, more than 22 million children of various ages are transported to and from school in specially designed yellow and black school buses all over the U.S.A. [4, 5] . Going to school by the American school bus system appears to be the safest road transportation available in the U.S.A. [4, 6, 7] . A child on the way to school is eight times more liable to be injured while travelling to and from school in a vehicle other than in a school bus [8] . The fatality rate for school bus occupants is 0.2 fatalities per 100 million vehicle miles travelled (VMT) compared to 1.5 fatalities per 100 million VMT for cars [9] . However, a number of serious school bus crashes in the U.S.A. has been reported, including multiple fatalities of drivers and children [4, [10] [11] [12] [13] . Most of them included rollover and side impacts as predominant features, i.e., in about 63% of the cases, representing approximately 40-50% of all school bus fatal injuries of passengers fully or partially ejected out of the bus. In 28% of the cases frontal impact crashes were the predominant feature of the fatalities [11] . These facts have highlighted the issue of mandatory seatbelts for school buses in the U.S.A. [11] , an issue of some controversy [14] [15] [16] [17] [18] [19] [20] . Other studies calculate injuries among children going to and from school by school bus differently, which unfortunately invalidates comparisons [21] . Based on a national indicative sample from the National Electronic Injury Surveillance System of all Injury Program, 17,000 injuries between 2001 and 2003 were reported in the U.S.A. This figure corresponds to a risk of 21.1 per 100,000 populations. Children in the age of 10-14 accounted for the highest proportion of injuries. Among children, motor vehicle crashes accounted for 42% of all injuries, followed by injuries that occurred as the child was boarding/alighting/approaching the bus (24%). The authors concluded that this is a much greater annual number than have been shown earlier. In addition, the illegal overtaking of school buses by cars remains problematic, for example, more than 10,000 vehicles were recorded illegally passing stopped school buses during one typical day in Florida [22] . Statistically, a child is three times as likely to be killed as pedestrians in the "loading zone" around the school bus when the school bus is present, than to be killed as passengers in the school bus [23] .
Many of the features of the school transport system in the U.S.A. do not apply to most EU conditions. Instead, it is more common in the EU to have a mixed system of school transport [24, 25] . Some children are transported by a vehicle, e.g., a bus, a coach or a minibus provided for school children, but the vehicle does not have any special features or traffic rules applying to its presence on the road, except for EU regulations related to seat belts and the display of a school bus sign (and in some countries a requirement/or permission to use flashing lights when stationary or running lights). In addition, many children in EU are transported by the public transport system. As a consequence of this mixed system, injury statistics in the EU, with respect to transportation of school children are more difficult to obtain. Lastly, the EU statistics, as in the U.S.A, only cover school bus crashes when the school bus is present. Thus, they do not include children as pedestrians going from home to the bus stop or awaiting the school bus, nor do they cover them as pedestrians departing the bus stop to their final destination.
This lack of a holistic approach poses a problem, since it remains unknown what countermeasures could be taken effectively to reduce the number of injured children. The aim of this paper is to identify and establish the number and aetiology behind children being killed or injured during school transport from a door-to-door perspective by using experience from Sweden and the UK,
Method
The lack of a door-to-door perspective in crash statistics necessitates special approaches towards the data, since no such EU-based statistics are available [29] . In the present study, police reported data from Sweden and the UK have been chosen to illustrate the situation, and to identify gaps where further data are necessary.
School transport background

Sweden
With a population of 9.2 million inhabitants, Sweden represents some 2% of the population in EU. The country has a school law which states that the local authority has to provide free transport for the children if the distance between the child's home and school is more than a specified distance (a typical distance being 2-4 km for primary school children [30] ) and if a child has a disability (if any), as well as if other special circumstances require it. In order to decide whether or not a child has the right to achieve free school transport, most local authorities have school transport regulations [31] . However, these regulations are only valid for journeys with contracted school transport, not school transport as part of the public transport system. Local authorities can choose contractors and also prescribe how the services should be operated, e.g. solely by specially trained drivers. In Sweden, however, there is no mandatory training required for drivers of school transport [25] . The school transport regulation in Sweden states that the local management of the school is responsible for safety and also for practical and theoretical training of the children to prepare them for safe school transport. Despite this fact, the local authorities do not have any commonly used requirements concerning crash and incident reporting [31] . In Sweden, less than 1% of the vehicle fleet consists of buses [32] , while more than 10% of the road vehicle transport kilometres travelled are performed by these buses [27] . However, children riding buses are not necessarily only using them for school transport. In order to estimate the number of children being injured in relation to school transport, the share of children entitled to this service needs to be estimated in relation to the overall number of children in the corresponding age cohorts. In Sweden, the annual number of births has been stable over the last two decades at a figure of some 100,000 [33, 34] . The number of children that attend school can therefore be estimated to be 1.2 million. In total, 440,000 children in Sweden were entitled to school transport in 1993 [30] , a figure confirmed by a questionnaire study [25] , indicating that approximately 37% of all children were entitled to this service. Of these children, approximately 250,000, i.e. 57%, attended primary school. Some 10% of them have some sort of disability [35, 36] . It is more common to be entitled to school transport in secondary school compared to primary school and also in rural areas. Despite having more than every third Swedish child on school buses on schooldays, it is at present not possible from the national crash database of police reported crashes (STRADA, formerly known as VITS) to obtain statistics about the "true"/real number and aetiology of school transport related fatalities and serious injuries [28] .
UK
The UK has a population of approximately 62 million, of which about 8 million are school age children. The legislation relating to school transportation is similar to that in Sweden, with local authorities required to provide free home to school transport to children who live beyond 2-3 miles of school, depending on their age. In addition, school transport is provided for those children who have special needs and would otherwise be unable to walk to school, or where a route is unsafe to walk. Local authorities either contract with local bus and coach/minibus or taxi operators to provide transport for children, or they use public transport.
In the UK, approximately 13% of school children qualify to receive free school transport, equivalent to 1.3 million children [37] , and the National Travel Survey shows that in 2009 overall 14% of 5-16 years old children travelled to school by public transport, and a further 6% travelled on contracted buses and coaches. 2 This suggests that more than 1.6 million children each day travel to and from school by bus or coach. As in Sweden, secondary school pupils in the UK are more likely to receive school transport and to travel by bus than primary school pupils. Approximately 15% of children receiving transport qualify for school transport because of their special needs.
In recent years there has been a trend towards greater use of contracted vehicles to provide school transport, (in part because since the 1990s there has been progressive legislation that has required contracted vehicles to display school bus signs, and to have a seat belt for each child, which have encouraged parents' preference for dedicated school services where no member of the public can travel with children) [37] .
Data analysis
Sweden
For the Swedish data, a two step analysis was performed, in order to capture fatalities and injuries in relation to school transport crashes recorded in the national database of police reported crashes (VITS), since there is no such available adequate and compiled data. In step 1, all injury incidents that involved children aged 6-16 and taking place between 6 AM.-4.59 PM. during school days, involving bus or taxi, and/or pedestrians were selected. It should be noted that the vehicles included were either explicitly for school transport purposes or a vehicle being part of public transport. In step 2, all police reports or other records concerning these injury incidents were collected and analysed to confirm that these injury incidents actually were related to school transport. The exclusion criteria in the second step were as follows:
The criteria for the selection of incidents in step 2 meant that the following types of incidents were further studied and classified:
I. bus/pedestrian II. incidents which involved any type of school transport vehicle III. children on their way to and from the bus stop IV. children at bus stops V. children injured while boarding or alighting from the bus VI. VI: children entering the road in front of or behind the bus after alighting from it.
Injury classification has been performed according to the Abbreviated Injury Scale (AIS) classification [38] . MAIS stands for Maximum AIS, i.e. the most severe injury. AIS= 1 designates minor injuries, AIS=2 moderate injuries (e.g. concussion), AIS=3 serious injuries (e.g. femur fracture or spleen rupture) and AIS=4-6 designates severe, critical and maximum injuries.
To be able to further analyse the data, the children were subdivided into three groups according to the division made in primary schools, i.e. 6-9, 10-12 and 13-16. The reason for the first and the last cohorts having four age year groups each is that children start school in the autumn and hence could be either 6 or 7 when they enter the mandatory 9 years primary school.
UK
For Great Britain (i.e. the UK excluding Northern Ireland) the national accident database of police reported casualties (STATS19) is used to collect data on road accidents involving personal injury and classifies injuries as: fatal, serious or slight. Police at the scene of a crash should also record whether the casualty occurred on the way to or from school. However, for buses, coaches or minibuses, casualties will include only those who were vehicle occupants or were boarding or alighting. They will not include those injured subsequent to leaving, or prior to boarding the vehicle, or waiting at bus stops. These will be included within the definition of pedestrian casualty. In addition, whilst bus and minibus occupant casualties and serious injuries are known to be well recorded, less serious injuries and pedestrian casualties are known to be under-reported [39] .
In 2002, a more detailed study undertaken for the Scottish Executive [40] For each incident meeting these criteria the individual accident report was analysed to identify whether a bus or coach had been involved and the circumstances of the injury to ascertain the extent of the problem where buses are involved.
Results
Crashes, children, severity and road user categories
The Swedish data step 1 yielded in total 1,515 cases, in which a child was injured on school days during the time interval selected (6 A.M.-4.59 P.M.). From these cases, based on the inclusion and exclusion criteria in step 2, a total of 361 injured children in 256 injury events were selected. The distribution of MAIS (Table 1) shows that 15 were fatal, 96 suffered MAIS 2+ injuries and 250 MAIS 1. Injuries sustained by children as pedestrians (61%) and bus passengers (36%) dominated the road user type panorama.
When further elaborating the results from the age cohort 13-16 years of age, representing 36% of the sample, it was revealed that 46% of the injured and killed were in this age. Among the 15 fatally injured children, eight (53%) were 13-16 years of age. The corresponding figures for MAIS 2 + and MAIS 1 injuries for this age cohort were, 47% and 45%, respectively.
The UK analysis based on STATS19 data for the school journey shows that in the past 10 years the school journey -incident involved a pedestrian and a car-explicitly not denoted in the records as taxi -incident involved two or more cars-none being explicitly denoted in the records as taxi -incident involved a bus-no child was injured -incident involved children the utilised bicycles, mopeds, in-lines and other means of road transportation devices.
has been getting safer. In 1997, 8,093 children aged 5-16 inclusive were reported as being injured or killed on the school journey (nearly 700 of those on buses). By 2008, this had fallen to a total of 3,888 children and 242 on buses. Overall 15% of child road casualties occurred on the school journey, but only 10% of fatalities (Table 2 ). However, a higher proportion of bus, coach and minibus casualties occur on the school journey-but these are predominantly slight injuries, reflecting the relatively low use of buses by children for journeys other than to and from school.
Classification of crashes in Sweden distributed on critical situation
In order to identify the most critical situations in Sweden, crashes with injured or killed children were classified. The classification was done into 10 different groups. The classification itself can be seen as a result based on the reality behind the crashes. The most common situation found (when children were injured or killed) was when the children were running out behind the bus in the afternoon, see Fig. 1 . Of the 150 casualties identified as pedestrians in crashes where a bus was involved in Scotland in 1999 and 2000, four were fatally injured and 35 were seriously injured. In total, 111 were slightly injured. Children in the 11-14 years old age group accounted for almost two-thirds of these casualties where a bus was present, with the majority of casualties aged 12-13 years. Analysis of the distribution of casualties where a bus was known to be involved showed that 65% of these casualties were involved in accidents on the journey home from school and that 78% of these casualties had alighted from a bus (Table 3) .
More than half appeared to have been crossing in front of the bus and more than 25% to the rear. Twenty of the 150 casualties (13%) were known to have occurred at a bus stop.
Causalities in the UK distributed on sex and age
In the UK overall, the data show that school journey casualties at all ages are higher for boys than for girls. For both sexes, casualties peak at the age of 11-12, which coincides with a time of significant change to travel patterns for children and the transition to secondary schools.
The more detailed analysis of the data in Scotland showed that of the 1,231 child pedestrian casualties recorded on the journey to and from school in 1999 and 2000, no vehicle was involved in the majority of cases, but 150 children were injured as pedestrians when a bus was present with 43 being hit by the bus and 107 by another vehicle but when the bus was present. This suggests that 12% of all child pedestrian school journey casualties in Scotland occurred when a bus is present.
Discussion
The present study aimed to identify the number and the aetiology behind children being killed or injured on school transport by using UK and Sweden as examples. In conclusion the results have highlighted the lack of consistent data and the analysis of the data that is available indicates it is difficult to have a clear view of the underlying problems and causes of school journey casualties. However, overall findings show the majority of the children on school transport who were killed were not vehicle occupants, they were in the area outside the bus on their way to or from buses, that boys seem to be over represented and that the afternoon journey is particularly vulnerable. Running out behind the bus in the afternoon was a common scenario. The lack of data is due to different reasons and one is the problem of definition; what does 'bus related' mean; i.e., at what point in the travel chain does a bus journey start? Does it start when the bus passenger is entering the bus or when he or she is leaving home to go to the bus stop, and does it end when leaving the bus or when they are home again? One way is to penetrate this issue is to apply the "Travel Chain Perspective" [41, 42] , which means that a bus or coach trip involves all necessary steps from "door to door". This, in turn, implies that going to and waiting at the bus stop, as well as boarding and alighting, are integral parts of the journey and should be taken into account when focusing on casualty data collection and injury preventive measures.
This review also highlights the lack of consistency of data, and inadequate level of detail, for example recording of date, time of day, day of week as well as gender of the child, which all appear to be relevant to developing effective countermeasures. One recommendation is that there needs to be a consensus about how to report and enter such data into crash static databases, in order to monitor school transport related crashes, when they happen (year, month, day, hour) and the age and gender of the child.
The results presented in this article for child casualties are consistent with several investigations for adults [19, 26, 43] showing that boarding and, especially, alighting from the bus is the major injury related event. Moreover, children outside the school bus are exposed to a higher risk compared to those inside [44, 45] . One of the U.S.A studies of school bus crashes has shown that 85% of school bus casualties were pedestrians injured near or around the bus, and of these, many were hit by the actual bus they intended to ride or rode with [46] . Children going to and from school by bus appear from our results to be at greatest danger when going from the bus in the afternoon, on their way home. Running out behind and in front of the buses are events with the highest representatives among crashes. The average age of those children was 12 years old. Those results are in line with the results from U.S.A. [21] . Studies have shown that children do not see school transport as a part of their school day [2] . In line with this, it could be argued that children when alighting enter "play time" with things other than school in their minds-a sort of cognitive distraction. The consistency of these casualties patterns across in Sweden, the USA and the UK emphasises the need for effective road safety education, ensuring the school journey is regarded as an integral part of the school day and thus under the school's responsibility. Another explanation for the high numbers of causalities when running out behind (or in front of) the bus could be that children do not have the capability to perform beyond their degree of maturity. The frontal lobe is one of the latest parts in the brain that is developed [47] . The frontal lobe is the region essential in order to, for example, foresee the consequences of behaviour. It could be argued that children do not have the capability to foresee a possible critical situation when, for example, running out behind a bus. If children are unable to manage such situations this raises the need for effective risk assessment of the location of bus stops to ensure they are not in complex traffic environments which children are inherently unable to cope with.
Based on in-depth interviews with a selection of children in Sweden who were seriously injured in relation to school transport [2] , it was concluded that on the day of their crashes, in almost all cases, it was a situation with deviations from their normal routines. In terms of countermeasures, this highlights the need to focus on and maybe avoid, or reassess, situations where there is change from normal routines, or when changes to routine have to occur, whether these are short term or for example transition to a new school/area. The authors recommend therefore that the planning of the trips should be arranged to make sure that there is a high degree of routine and that foreseen deviations should be considered during the planning phase, in order to avoid increasing risk. Such planning needs to be done in collaboration with other stakeholders including parents, teachers, and children themselves. In particular, this holds true in the case of children with cognitive or perceptual disabilities.
If the results from Sweden and the UK are set in relation to the data from the U.S.A., it can be seen that school bus occupants have a good safety record in all three countries. The American data showed that there are three times as many children killed around school buses as they are killed inside a school bus. A review of school bus safety undertaken by the New Zealand Land Transport Safety Authority in 2002 found that in New Zealand, Australia, The U.S.A and Canada most school bus incidents are pedestrians alighting the bus in the afternoon [48] . The notable difference is that in the U.S.A. and Canada the majority of pedestrian casualties are caused by their own school bus, whereas in New Zealand and Australia the children injured after alighting were more likely to be injured by another vehicle. This reflects the different education practices where in the U.S.A. and Canada children are encouraged to cross the road in front of their bus, while in the UK, Australia and New Zealand the practice is to teach children to cross the road after their bus has left the bus stop.
This analysis also highlights the need to learn from other EU countries. However, solutions also need to be suitable to the local areas. Importing an American concept is not necessarily the solution, as the data from New Zealand and Australia show. Requirements such as "no overtaking" of school buses may simply relocate the casualties and the vehicle causing it, whereas more comprehensive speed management around school bus stops may be more appropriate in a European context.
Although EU wide comparisons (and comparisons with the U.S.A. and other countries) are difficult due to different injury classifications, definitions of a school child and of vehicle type, there are some consistent themes that enable conclusions to be drawn about school journey safety and some consistent problems/deficiencies with data collection that would merit discussion and further debate. A limitation is that the Swedish data were some years old. However, updated data, but based on a new crash recording routine in Sweden called STRADA, show the same pattern for those items possible to compare [49] .
Buses are a safe mode of transport and it is important to keep in mind that most children are injured or killed as passengers in cars [35] in Sweden, and in the UK as pedestrians or cyclists. For example in Sweden more than half (54%) of the child fatalities and 39% of the seriously injuries sustained by children were due to car crashes [28] . Nevertheless, during the period of 1994-1999, more than 100 children in Sweden were either killed or seriously injured per annum in bus related incidents [50] . In the UK more than 14 children a year are seriously injured as bus occupants on the school journey, and the study in Scotland suggests that up to 12% of all child pedestrian casualties may be injured in bus related incidents.
Conclusions
There is an urgent need to take a travel chain perspective into account when considering school transport safety-a door to door perspective. The nature of the school journey needs to be considered as a travel chain from home to home. Data from both Sweden and UK support the need for this approach. The travel chain perspective requires a new form of research. There is a need to do ongoing analysis to monitor trends that focus on the area around school bus, and bus stops, and follow this up with child-centred research to understand more fully the circumstances of accidents involving them.
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